The average oxygen consumption of well-fed Waldeckia obesa individuals, whose average wet weight equals 318.3 mg is, 74.7 lL O 2 ind À1 h À1 at the temperature 08C. On average, 10-day-long starvation reduces the metabolism level by 36%, and 30-day-long starvation by 66%, compared to well-fed individuals. Investigations concerned the influence of 12 amino acids at the 10 mM concentration on W. obesa respiration. Amongst animals starved for 10 days, the addition of amino acids does not lead to statistically significant changes in metabolism rates, while amongst animals starved for 30 days, arginine leads to an 241% increase in metabolism rates. Glutamic acid constitutes about 10% of all amino acids in the body of W. obesa and more than 15% in the Nototenia neglecta fish, which is a food resource for this crustacean.
The average oxygen consumption of well-fed Waldeckia obesa individuals, whose average wet weight equals 318.3 mg is, 74.7 lL O 2 ind À1 h À1 at the temperature 08C. On average, 10-day-long starvation reduces the metabolism level by 36%, and 30-day-long starvation by 66%, compared to well-fed individuals. Investigations concerned the influence of 12 amino acids at the 10 mM concentration on W. obesa respiration. Amongst animals starved for 10 days, the addition of amino acids does not lead to statistically significant changes in metabolism rates, while amongst animals starved for 30 days, arginine leads to an 241% increase in metabolism rates. Glutamic acid constitutes about 10% of all amino acids in the body of W. obesa and more than 15% in the Nototenia neglecta fish, which is a food resource for this crustacean.
For most animals, chemical stimuli are leading sources of information about the environment (food presence, potential predators, suitable habitat, and partners). Several chemical substances from hydrogen ions to complex amino acids can be recognized by invertebrates as a signal and may induce in them changes of behaviour (Aache, 1982, Carp and Derby, 1986) or physiological reaction, for example increase of metabolic rate (Smith and Baldwin, 1982) . The object of our interest is glutamic acid. It is one of the major exogenic amino acid in the bodies of animals, and it also plays an essential transmitting role in the central nervous system of vertebrates (Rosman and Renstrom, 1999) . It can induce movement stimulation of animals by activation of bioelectric processes in neurons (Harris-Warrick, 2000; Kidawa, 2001) . Glutamic acid in low concentration of 0.00001-0.0001 mM occur in sea water (Riley and Segar, 1970; Hubberten et al., 1994) . Results of our earlier studies on Antarctic amphipodes Abyssorchomene plebs (see Janecki and Rakusa-Suszczewski, 2004) , Cheirimedon femoratus and Orchomonella rotundifrons (see Rakusa-Suszczewski et al., 1999) , and Bovalia gigantea (see Kidawa, 1999) demonstrate that amino acids may change metabolic rates, as well as behaviour of animals. A 10 mM glutamic acid solution given to starving A. plebs individuals led to a 300% increase in their metabolism rates but did not cause any reaction in well-fed specimens. Their reaction to glutamic acid was blocked by kinurenic acid (Janecki and Rakusa-Suszczewski, 2004 ). This study concerns Waldeckia obesa. In the Admiralty Bay, this species exploits a similar ecological niche to that of A. plebs (see Ja_ zd_ zewski et al., 1982) . Both these species are necrophagic (Presler, 1986 ), but they may also act as predators (Rakusa-Suszczewski, 1982) . Seasonal variation, as well as the influence of temperature (RakusaSuszczewski, 1990 ) and starvation on metabolism rates of both these species is well known (Chapelle and Peck, 1995; Chapelle et al., 1994) . When W. obesa specimens were starved for 64 days, their metabolism rates fell by 60% (Chapelle et al., 1994) , whereas a 14-day-long starvation decreased A. plebs respiration by 45% (Janecki and RakusaSuszczewski, 2004) .
The main objective of this project was to answer the following question: Can W. obesa react to glutamic acid like A. plebs? Also, could other amino acids also play the signalling role for W. obesa?
MATERIALS AND METHODS
The experiments were carried out during austral summer at the Polish Antarctic ''Henryk Arctowski'' Station (King George Island, the South Shetlands, Antarctica). Waldeckia obesa (Chevreux, 1905) is a common 2.5 cm-long lysianassoid amphipod with a wide circumantarctic distribution (Ja_ zd_ zewski et al., 1982) . Its bathymetric range is wide: from the littoral level in the West Antarctic region to 660 m deep in the Weddell Sea (De Broyer and Klages, 1990) . In Admiralty Bay (South Shetlands), W. obesa is common between depths of 15 m and 150 m and is an important member of the guild of necrophagous animals (Ja_ zd_ zewski et al., 1982) . The specimens of W. obesa were collected on 1 December 2003 from Ezcurra Inlet and Arctowski Cove (Admiralty Bay) at the depth of 30 m with bottom traps baited with fish meat. The animals were kept in a refrigerated aquarium with sea water at a temperature of 08C. In our study, some animals (control) were fed for two days with fresh meat of the Antarctic fish Nototenia neglecta, and others were starved for up to 10 and 30 days. The selected animals were placed in closed glass 30-mL flasks containing well-aired sea water with salinity of 34.2& and submerged in a water tank to provide for stable thermal conditions at the temperature 0 6 0.18C. Two or three control chambers were used in all variants. The oxygen content in the water was measured after two hours exposure using the oxygen sensor (WTW-OXI 197, Germany) equipped with a magnetic rotor. The solutions of single amino acids in the concentration of 10 mM were prepared with sea water. In one of the experiments, a mixed solution of 12 amino acids was used (12 3 10 mM). Statistical differences were detected with the Student's t-test.
For the chemical analysis some specimens of W. obesa were dried in 608C and transported to Poland. The dry body mass, protein, fat (ether extract), and ash contents were determined using standard methods (AOAC, 1990) . Amino acids were determined after conducting a hydrolysys (22 hrs 6n HCl) using Beckman's amino acid analyser type 6300. Methionine and cysteine were mapped according to Moore's method (1963) and tryptophoan according to Eggum's method (1968) .
RESULTS
A chemical analysis of W. obesa revealed that the total protein constitutes 34% of its dry weight, out of which tyrosine amounts to 11% and glutamic acid about 10% (Table 1 ). The amino acid nitrogen makes up to around 90% of general nitrogen in W. obesa. A significant portion of the reminder is probably contained in chitin. In our experiments, W. obesa was fed with the meat of the antarctic fish, Nototenia neglecta, in which the protein content amounts to 77% of the dry weight. In comparison to W. obesa, N. neglecta protein has 3.5 times less tyrosine, and is richer in glutamic acid (the proportion of which is the highest of all amino acids, reaching about 15%), and lysine ( (Fig. 1) . In order to minimalise the influence of differences in body mass of the animals analysed on their metabolism, a group of animals with individual wet weight between 250-400 mg was formed. This group was the most numerous of all size categories (n ¼ 187).
The average oxygen consumption (measured in lL O 2 ind À1 h À1 ) of well-fed individuals (in the class 250-400 mg of Ww) was 74.7; after 10 days of starvation, it was 47.5, and after 30 days, it was 25.3 (Table 2, Figs. 1, 2) . These values differ from each other in a statistically significant way. In W. obesa individuals starved for 10 days, none of the five separately tested amino acids (Table 3 , Fig. 3 ) glutamic acid, arginine, lysine, aspartic acid, and alanine nor the mixture of all 12 amino acids had any significant influence on metabolism rates. In individuals starved for 30 days, a 241% increase in the metabolism rate was caused by arginine (Table 3 , Fig. 4) . Lisine, leucine, serine, histydine, and tyrozine also had a statistically significant influence on respiration rates (between 113% and 63%). Glycine, isoleucine, aspartic acid, glutamic acid, threonine, and alanine did not cause any changes in W. obesa respiration (Table 3 , Fig. 5 ).
DISCUSSION
Glutamic acid is one of the basic amino acids of which proteins cosist, and it was found to be an attractant to several species of marine invertebrates belonging to different taxonomic groups, e.g., branchipods (Kidawa, 2000) , amphipods (Janecki and Rakusa-Suszczewski, 2004) , isopods (Kidawa, 2002) , crabs (Case and Gwilliam, 1961) , sea stars (Kidawa, 2002) , and fish (Fanta and Kidawa, 1999) . With other amino acids, it is released from tissues right after an animal's death, thus constituting a signal for scavengers and predators, informing them about a new source of food (Zimmer-Faust and Case, 1982) .
The duration of starvation has a significant effect on W. obesa metabolism rates. In our experiments, after 10 days of starvation respiration dropped, on average, by 30%, and after 30 days, by 60% in all specimens, independent of their body mass. As revealed by a study by Chapelle et al. (1994) , starving W. obesa for 64 days caused a decrease in its metabolism rate by 60% when compared to well-fed individuals. Similarly, two weeks of starvation led to a 45% decrease in metabolism rates in A. plebs (Janecki and Rakusa-Suszczewski, 2004) , which is close to the results of this study obtained for W. obesa (Figs. 1, 2) .
After the first 10 days of food deprivation, a more than two times faster decrease in oxygen consumption was detected than that between the 10 th and the 30 th day of the experiment (Fig. 2) . The fact that the decrease in metabolism rates slows down in time may be due to food retention in the digestive system, higher assimilation, and smaller frequency of defecation, as described for A. plebs (Rakusa-Suszczewski, 1982) .
The metabolism rate of well-fed W. obesa is 2.5 times higher than that of A. plebs of the same wet weight. However, in W. obesa individuals starved for 10 days and A. plebs specimens starved for 14 days, metabolism rates differ by 3.2 times (see Janecki and RakusaSuszczewski, 2004) . Our former studies on A. plebs (Janecki and Rakusa-Suszczewski, 2004 ) have demonstrated that glutamic acid increases metabolism rates of starved individuals by 300%. However, the same amino acid does not influence starved specimens of W. obesa. For this species, the role of a food presence indicator seems to be mainly played by arginine. It seems plausible that, despite their numerous co-occurrence in the same environment, the perception of chemical signals (individual amino acids), informing about the presence of a food source, is different for W. obesa and A. plebs. It probably leads to a reduction in food competition between these two necrophagic species, which occur in the same habitat. Table 3 . Metabolism of selected, 10-and 30-days starved Waldeckia obesa in the range of 250-400 mg of Ww under influence of several amino acids in concentration of 10 mM and a mixture of 12 amino acids. Statistical differences between variants were detected with the Student's t-test (important differences are emphasised with bold fonts). 
